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USES FOR HUMANE NON-AUTOLOGOUS MESENCHYMAL STEM CELLS 

This application is a continuation-in-part of and claims priority of U.S. 
patent application Serial No. 09/039,127 filed March 13, 1998. 

15 

The present invention is directed to various methods and products for using 
mesenchymal stem cells (MSCs). 

In accordance with an aspect of the present invention, an animal is treated 
20 with mesenchymal stem cells wherein the mesenchymal stem cells are obtained 
from an animal other than the animal being treated, i.e. the mesenchymal stem cells 
are not autologous. 

More particularly, in accordance with an aspect of the invention, a patient is 
25 treated with allogeneic human mesenchymal stem cells. As the term is used herein, 
an allogeneic human mesenchymal stem cell is a mesenchymal stem cell obtained 
from a human other than the intended recipient of the mesenchymal stem cells. 



Although the mesenchymal stem cells express surface MHC molecules, 
30 applicants have found that the mesenchymal stem cells are immunologically 
neutral and therefore can be used as described herein without inducing an adverse 
immune response in the recipient of the cells. 
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In addition, applicants have found that the donor of the mesenchymal stem 
cells need not be "matched" to the recipient. 

In accordance with the present invention, it has been discovered that 
mesenchymal stem cells are "invisible" to the immune system. Normally, co- 
culturing cells from different individuals (allogeneic cells) results in T cell 
proliferation, manifested as a mixed lymphocyte reaction (MLR). However, when 
human mesenchymal stem cells are contacted with allogeneic T lymphocytes, in 
v«ro, they do not generate an immune response by the T cells, i.e., the T cells do 
not proliferate, indicating that T cells are not responsive to mismatched 
mesenchymal stem cells. This discovery was unexpected because human 
mesenchymal stem cells express all of the surface molecules that render them 
imrnunogemc, i.e., they express allogeneic class I and class II MHC molecules. 

It has also been discovered that mesenchymal stem cells actively reduce the 
allogenic T cell response in mixed .ymphocyte reactions in a dose dependent 
manner. It has further been discovered that mesenchymal stem cells from different 
donors do not exhibit specificity of reduced response with regard to MHC type 
Thus, mesenchymal stem cells need not be MHC matched to a target cell 
population in the mixe d lymphocyte reaction in order to reduce the proliferative 
response of alloreactive T cells to mesenchymal stem cells. 



25 
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Brief Description of the Drawing 
Fig. 1. The lack of alloreactivity to mesenchymal stem cells. T cells from 
A prohferated in a dose dependent manner when mixed with different amounts of 
PBMCs from B. T cells from A did not proliferate in response to contact with 
mesenchymal stem cells from B, even when the mesenchymal stem cells were 
manipulated to provide full T cell activation (the mesenchymal stem cells were 
transduced with costimulatory molecules B7-1 or B7-2). 

Fig- 2. Mesenchymal stem cells actively suppressed the mixed lymphocyte 
reacnon between lymphocytes from two different individuals. hMSC-1 was a third 
party to both the stimulator and responder cells in the mixed lymphocyte reaction; 
hMSC-2 was autologous to the stimulator cells in the mixed lymphocyte reaction 
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„ . ,tem cells suppressed the mixed lymphocyte reaction 
Thus, the mesenchymal stem cells supp suppreS sed the 

tn muc tvoe The mesenchymal stem cells supprc 
without specificity as to MHC type, 
mixed lymphocyte reaction in a dose dependent manner. 

Fig3 Allogeneic camne study. Histolo gl cal analysis 6 weelc autologous 
sampleprocessedinDMEM-LGshowedasubstantialamountofbone. 

Fi ,4. Allogeneic canine study. Histological analysis of 6 wee, allogenic 
sample showed bone formation. 

Rg 5 Allogeneic canine study. Histologic! analysis 6 week auogenic 
s^e^diffetentdonor^^sho^inHg^showeabonefo— 

Fig . 6. A schematic map ofEGFP pOT24 plasmid used in Example 4. 

5 

nailed Descripti™ of the Invention 
Compositions according to the present — which contain al^netc 
mesenchymal stem ceUs are especial* useful for facilitating repatr, re— on 
IlrJT— ofaconnectivetissuedefe. inaccord.ee 

varil methods and produce for treating skeW and out* connective ussue 

disorders. 

25 for utilizing me aUogeneic mesenchymal progenitor or stem cells in order to enhanc 
hematopoietic cell production. 

„ a stil, aspect of the invention described herein, aUogeneic 

m esenchymal stem cells are genetically engineered (or —ed or transit*) 
30 ^agTeofintere, The transduced ceUs can he admunstered to a patient m 
need thereof, for example to treat genetic disorders or diseases. 

Tto methods and products of the invention utilize isolated and culti^ 
expanded mesenchymal stem cel. which are aUogeneic to the reciptent for^m 
Z are intended. Although the invention is no, limited thereby, mesenchyma! 



PCT/US99/0535J 



10 



stem cells can be isolated, purified, and expanded in culture, i.e. /„ vit ro, to obtain 
sufficient numbers of cells for use in the methods described herein. See, Caplan 
and Haynesworth, U.S. Patent No. 5,486,359; U.S. Patent No. 5,197,985; U.S. 
• Patent No. 5,226,914; W092/22584. 

Thus in a preferred embodiment, the human mesenchymal stem cells are 
obtained from bone marrow taken from an individual allogeneic to the recipient. In a 
preferred embodiment, the mesenchymal cell preparation is substantially pure, i.e. is 
at least 95% free of allogeneic cells other than mesenchymal stem cells. 



The subject human mesenchymal stem cells are obtained from the bone 
marrow or other mesenchymal stem cell source. Bone marrow cells may be obtained 
from mac crest, femora, tibiae, spine, rib or other medullary spaces. Other sources of 
human mesenchymal stem cells include embryonic yolk sac, placenta, umbilical cord, 
1 5 fetal and adolescent skin,' and blood. 

Mated arci purified allogeneic human mesenchymal stem cells can be grown 
man undifferentiated state through mitotic expansion in a specific median, These 
cells can the* be harvested and activated to differentiate into b™, cartilage, and 
vanous other types of connective tissue by a number of factors, including mechanical 
cellular, and biochemical stimuli. Human mesenchymal stem cells possess 
potential to differentiate into cells such as osteoblasts and chondrocytes, which 
Produce a wide variety of mesenchymal tissue cells, as well as tendon, ligament ar»i 
derrms, and this potential is reteined after isolation and for several population 
exparKions in culture. Thus, by being able ,„ isolate, purify, greatly multiply, and 
then activate mesenchymal stem cells to differentiate into me specific types of 
mesenchymal cells desired, s** as skeletal and connective tissues such as bone 
cartilage, tendon, ligament, muscle, adipose and marrow stroma, see U.S. Patent' 
No. 5,197,985, a highly effective process exisa for treating skeletal and other 
30 connective tissue disorders. 



Although in a preferred embodiment the mesenchymal stem cells are 
culturally expanded prior to use, it is also possible to use such mesenchymal stem 
cells without culture expansion. For example, mesenchymal stem cells may be 
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~— ■ ^TTrrt": ^ cells, - 
allogeneic human mesenchymal stem cells by 
introduced in.o a patient in need thereof, eg. for skeletal repair. 

stem cel., A^ordingiy, to mesenchy™, » ■* 

^eHssne—.fore^pleU.pro.note* ^ 

The term connective tissue is used herem to mclude the tissues y 
The term «"» ^age, Hgament, tendon, 

support the specialized elements, ana inau 

snoma, muscle and adipose tissue. 

„ accordance with a preferred aspect of this embodiment me 
mesenchymal stem ceUs can he emp,oyed in various memods and products to 
^Teletai and other connective tissue disorders. Tne ntemods and devices 

utihze iso.a«d allogeneic mesenchyma. progenia "cM^ 

desired connective tissue, such as into bone or cartilage formingcells. 

m an addition, aspect, me present invention is directed to various memo* of 
^ auogeneic mesenchyma! stem or progenitor cells for therapy 

diagnostic pulses. ^^^^.^^1 
■ „ « a 1W in- m regenerating mesenchymal tissues which have been 
nroeenitor cells find use in. regeucwuu 6 

bating a host with damaged mesenchymal tissue by treatment of damage 
1 Igeneic mesenchymal stem cehs combmed with a biocompah * -» 
I^le for delivering mesenchyme stem ceUs to the damaged — ^ 

i, mn i tides' (4^ detecting and evaluating growth factors 
nmducine various mesenchymal tissues, kv ucic^ui 6 

«h rtt developing mesenchymal cell lineages and assaying 
mesenchymal lineages; and (6) developing m 

for factors associated with mesenchymal tissue development. 
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He dose of the allogeneic mesenchymal stem cells varies within wide 
■■nuts and wiU, of co^e be fined to the individual requirements i„ each particular 
case. The number of cells used wiU depend on the weigh, a.d condition of the 
rectpten. and other variables known ,„ ta of m in me m ^ ^ ^ ^ 
admtniaered by a Iome which „ ^ for ^ ^ ^ ^ ^ ^ 

•reated- The cells can be administered systemically, i.e., parenteral*, by 
mtiavenous injection. ,„ most cases, the allogeneic mesenchymal stem cells are 
deuvered to the site of desired treatment or therapy and can be targeted to a 
particular tissue or organ, such as bone marrow 

10 

Tne cells can be suspended in an appropriate diluent, a. a concentration of 
from <*ou, 0.5 to about 5x10' cells/ml. Suitable excipiems for such solutions are 
ftose „ biologicaUy ^ physioIogjcaIly aM ^ ajk ^ ^ ^ 

as buffered saline solution. Other excipients include water, isotonic common sal, 
solutions, alc„ h0 , s , ^ ^ ^ ^ ^ ^ 

« °e formulated, produced and stored according to standard 
methods complying with proper mi stabjljty 

The human mesenchymal stem cells k. ~a , 
7A „.i. . . am be admuustered via a 

subereous .mplantation of cells or by injection of stem cell, for example, into 

muscle cells, 

in aether aspect, the ptesen, invention relates ,o a memod for repairing 

25 TITT^ ^^^^^ofapplyi-ganaUogenei 
25 mesenchymal stem or progenia obtaining extract te an area of JLtive 

tissue damage under conditions suitable for difle^tiating the cells into the type of 

cotme^vetissuenecessaryforrepair. 

30 metier T" mb06imm ° t,bk ^ *" «— ' <— *» - *«ed to a 

0* onte me connective surface of a prosthetic device, and implanting the poetic 
dev.ee conuumng ta mesenchymaJ ^ ^ 
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differentiating *e cells I. *. w of **« - connective — — ta 

implantation. 

The ,nvention provides a memod for augmenting bone formation in an 
individual m need .hereof. Thus, ft. meftods of this aspect of the mventi^re 
appiicabie to -connective ft. defect which include any damage or 
Spared t o normal connective tissue which may occur due to trauma, 
ag e bird, defect, surgical in.erven.ion, etc. More particularly, fte mvennon 
plvides a method for effecting ft. reparr of segment bone defec* — 
lunions or deiayed unions. As used herein, "connective tissue defects 
t efers .0 non-damaged areas in which bone formation is soleiy des,red for 
example, for cosmetic au*»e„<atio„. Tbe meftods and material disclosed herem 
„ .herefore suitable for use in orthopedic, dental, ora!, maxillofadal, penodontal 
and other surgical procedures. 



The presen. invention is aiso directed to memoes of uuli*ng me allogenic 
mesenchyme progenitor or sfcm cells for correcting or modifying connective tissue 
diners. Ttah^^i-^'— 

and factors ma. have been developed in order .o induce me allogeneic mesenchymal 

as hone or cartilage forming cells. For example, tire — have found fta, vanous 
porous m-calcium or hydroxyapatite ceramic devices can be utilized as vehtc.es or 
earners for fte allogeneic mesenchymal s«m or progenitor cells when implamed mti> 
skeleal defects ftereby pemtimng and/or promoting me differentiation of the cells 

25 into skeletal tissue. 

Thus, one embodiment of fte invention is directed to a meftod for using a 
porous ceramic composition comprised of tri-calcium phosphate or hydroxyapatitc or 
combinations of me two, as a vehicle or carrier for mesenchyme stem or nrogemtor 
30 cells, which when implanted into skeleal defects, promotes the differentiation of the 

cells into skeletal tissue. 

m another embodiment fte invention is dire«ed to a meftod for using 
absorbab.e gelatin, cellulose, and/or collagen-based matrix in combination wtm the 
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allogeneic mesenchymal stem cells. Tins composition can be used in the form of a 
sponge, strip, powder, gel, web or other physical format 

Various alternative vehicles may be employed for delivery of human 
mesenchymal stem cells for repair of connective tissue. The compositions may be 
deigned as a patch for the damaged tissue to provide bulk and scaffolding for new 
bone or cartilage formation. The various compositions, methods, and materials 
descnbed herein can, in accordance with the present invention, be used to stimulate 
repau- of fresh fractures, non-union fractures and to promote spinal fusion. See 
U.S. Patent No. 5,197,985. Likewise, repair of cartilage and other musculoskeletal 
tissues can be accomplished. In the case of spinal fusion, such compositions, 
methods, and materials can be used posteriorly with or without instrumentation to 
promote mass fusion along the lamina and transverse processes and anteriorly used 
to fill a fusion cage to promote interbody fusion. The methods of the present 
mvention using allogeneic mesenchymal stem cells can be used to treat total joint 
replacement and osteoporosis. 



In accordance with another aspect of the invention, the mesenchymal stem 
eels tan be used to pmduce mam)w ^ ^ ^ ^ 

scaffoUhng as weU as * factors which direct and supp^ b,ood eel, synthesis 
hematopoiesis. Accordingly, Ms aspect of the invention is directed to a method 
to unprove the process of blood cell and manow tissue regeneration in patients where 
the marrow is depleted or destioyed, such as, for example, during intensive radiation 
and chemoflterapy treahnent, by emptying hematopoietic progenitor ceUs derived 
25 nx>m,forexample,bonemarroworperipheralblood. 

Accordingly, in one embodiment, the present invendon provides memods 
and produca for using allogeneic mesenchymal stem ce,ls ,„ enhance engraftment 
of hematopoietic stem or progenitor cells. 

10 

Thus, one embodiment of the present invention provides a mated for 
enhandng me regeneration of marrow tiss* by using allogeneic mesenchymal stem 
cells. Tne method for enhancing hematopoietic stem or progenitor cell engmfbnen. 
compr.es admimstering to an mdividual in need thereof, (i> allogeneic mesenchymal 
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stem cells and (ii) hematopoietic stem or progenitor cells, wherein said mesenchymal 
stem cells are administered in an amount effective to promote engraftment of such 
hematopoietic stem or progenitor cells in the individual. More particularly, one 
embodiment of the invention is directed to a method for using mesenchymal stem 
; cells which, when administered systemically, will migrate, or home, to the marrow 
cavity and differentiate into marrow stroma, thereby regenerating the marrow stroma. 
The allogeneic mesenchymal stem cells can be adntinistered systermcally, e.g., 
intravenously, into various delivery sites or directly into the bone. 

0 A further consideration in this aspect is directed to the timing of injection of 

the allogeneic mesenchymal stem cells into the patient relative to the administrate 
of hematopoietic stem or progenitor cells. In one embodiment, the mesenchymal 
stem cells are injected simultaneously with the hematopoietic stem or progenitor 
cells. In another embodiment, the mesenchymal stem cells are administered before or 

15 after the administration of the hematopoietic stem or progenitor cells. The 
hematopoietic stem cells may be autologous or may be matched to the allogeneic 
cells. 

The present invention is useful to enhance the effectiveness of bone marrow 
20 transplantation as a treatment for cancer. The treatment of cancer by x-irradiation or 
alkylating therapy destroys the bone marrow microenvironment as well as the 
hematopoietic stem cells. The current treatment is to transplant the patient after 
marrow ablation with bone marrow which has been previously harvested and 
cryopreserved. However, because the bone marrow microenvironment is destroyed, 
25 bone marrow engraftment is delayed until the stromal environment is restored. As a 
result, a critical aspect of the present invention is directed to the advantages of 
transplanting isolated, purified, culture-expanded allogeneic mesenchymal stem cells 
to accelerate the process of stromal reconstitution and regeneration of marrow tissue. 

30 Modes of administration of the mesenchymal stem cell preparation include 

but are not limited to systemic intravenous injection and injection directly to the 
intended site of activity. The preparation can be administered by any convenient 
route, for example by infusion or bolus injection and can be actatinistered together 
with other biologically active agents. Adrninistration is preferably systemic. 
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In this aspect of the invention, the mesenchymal stem cell can be administered 
alone, however in a preferred embodiment, the mesenchymal stem cells are utilized in 
the form of pharmaceutical compositions. Such compositions comprise a 
therapeutically effective amount of the allogeneic mesenchymal stem cells, and a 
pharmaceutical^ acceptable carrier or excipient. Such a carrier includes but is not 
limited to saline, buffered saline, dextrose, water, and combinations thereof. The 
formulation should suit the mode of administration. 



In a preferred embodiment, the mesenchymal stem cell preparation or 
10 composition is formulated in accordance with routine procedures as a pharmaceutical 
composition adapted for intravenous administration to human beings. Typically, 
compositions for intravenous administration are solutions in sterile isotonic aqueous' 
buffer. Where necessary, the composition may also include a local anesthetic to 
ameliorate any pain at the site of the injection. Generally, the ingredients are supplied 
15 erther separately or mixed together in unit dosage form, for example, as a 
cryopreserved concentrate in a hermetically sealed container such as an ampoule 
mdrcatmg the quantity of active agent. Where the composition is to be administered 
by mfusion, it can be dispensed with an infusion bottle containing sterile 
Pharmaceutical grade water or saline. Where the composition is administered by 
mjection, an ampoule of sterile water for injection or saline can be provided so that 
the ingredients may be mixed prior to administration. 



20 



The method of the invention can be altered, particularly by (1) increasing or 
decreasmg the time interval between injecting mesenchymal stem cells and 
25 unplantmg the tissue; (2) increasing or decreasing the amount of mesenchymal stem 
cells injected; (3) varying the number of mesenchymal stem cell injections; or (4) 
varying the method of delivery of mesenchymal stem cells. 

The mesenchymal stem cell preparation is used in an amount effective to 
30 promote engraftment of hematopoietic stem or progenitor cells in the recipient In 
general, such amount is at least 1 xlO 4 mesenchymal stem cell per kg of body weight 
and most generally need not be more than 3 x 10* mesenchymal stem cells/kg 
Preferably, it is at least about 1 x 10* mesenchymal stem cells/kg prior to graft 
introduction and usually need not be more than about 2 x 10* mesenchymal stem 
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cells/kg. The allogeneic mesenchyma. stem cell preparation may be adntinistered 
^ with the hematopoietic stem or progenitor cells or for a period pnor to 
™ft action of a. .east about 7 days but generally no. to exceed 30 days, wtth a 
typical merapeutic treatment period of 7 to 14 days. The mesenchymal 
preparation preferably is administered either mtravenously one to titree times per day, 
and may be adjusted to meet optimal efficacy and pharmacological dosmg. 

The invention also provides a pharmaceutical pack or kit comprising one or 
more containers filled with one or more of me ingredienfc of the phannaceuucal 
prepaxauon of the invention. Associated wim such containers) car, be a notice » the 
form prescribed by a governmental agency regulating the manufacmre, use or sale of 
pharmaceuticals or biological produce which notice reflects approval by agency 
of manufacture, use or sale for human administration. 

The present invention is particularly advantageous in that mesenchymal 
stem cells may be used for a variety of .ream™* wherein the source of the 
mesenchymal stem ce.ls is outer tat the recipient artd without requiring that such 
source be matched to the recipient. Moreover, such mesenchymal stem ceUs may 
be used without requiring chronic administration of immunosuppressants. 

' bastiBfurdteraspe^mepresemmverionalsoisdirec^ 

of allogeneic human mesenchymal stem cells as genetically engineered cells that 
carrv within mem genes of interest paricutely for the expression of physiologtcally 
or pharmacologically active proteins or for use in gene therapy. 

in accordance with this aspect of the present invention, allogeneic human 
mesenchymal stem cells or progenitor cells can be used as host cells for tire 
expression of exogenous gene products. These cu.ture.xpanded celU home to the 
narrow and enhance hematopoietic recovery in a Burrow transplant sating. 
30 Furthermore, these cells can be manipulated for cellular therapy, e.g. expanded, 
purified, selected and maintained for clinical use while still mainlining then- 
precursor phenotype. Part of this manipulation is the characterrzation of such cells 
and their cryopreservation for future use. 
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It is contemplated that the transformed allogeneic stem cells and the 
express™ prodnas of ^ mcorporated genajc ^ be ^ ^ ^ ^ 

combination with other cells and/or compositions. 

5 Tie technology used to introduce foreign genes into these progenitor cell 

culmres has been described, e.g. see U.S. Paten. No. 5,591,625, and provides 
transduced mesenchymal stem cells wherein all progeny of the cells cany th e new 
genetic material. Cell delivery of the transformed cells can be effected tough 
vanous modes including infusion and direct injection into periosteal, bone manow 
10 muscle and subcutaneous sites. 

By virtue of this aspect of the present invention, genes can be introduced into 
allogeneic mesenchymal stem cells which are men administered to the patient where 
gene e^ion wffl effect its therapeutic benefit. Examples of such applications 
melude genes that have a centra, role in mesenchymal eel, maintenance, tissue 
development, remodehng, repair and *, v,v„ paction of 
products. 
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h addtnon to me ejection „f geneoc dim<i ^ m ^ rf ^ 
mvennon can introduce, in a targeted manner, additional copies of essential genes to 
allow augmented expression of certain gene produce. These genes can be for 
ex*np.e, hormones, matiix ptoteins, eel, membtane pmteins cytokines, adh«ion 
molecules, detoxification e^ymes and -rebuilding. proteins unporfcn, in tissue 
repan. Norma, mesenchymal stem cells can be prided ,„ treat abnormal 
mesenchymal stem cells. 

An additional application is the use of infroduced genes to alter the phenotype 

uterapeuncapplications. This Wudes intiacellular gene products, sig.1 hansduction 
molecules, ceU surface proteins, extiace.lu.ar ge. expression p^tas and hormone 
receptors. Disease Sates and procedures for which such treating have application 
mclude genetic disorder of me musculo system, diseases of bone and 
o-tilage, me bone marrow, inflammatory conditions, muscte degenerative diseases 
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to „»e embodiment, «he isolated — mesenchyma, « - 

u. „f «nasiiii those translation products capable of packaging 
sequence capable of expressing tho ^ rf 

viral sequence so as to be gene therapy pKXlucer cells. In a pre 

.hereof a, leas, one of a retroviral or en, gene. ,n another aspect, the .solated 

^mesenchyma, stem ceUs have also been — wim a ONA seouen* 
comprising a reuovira! packaging signal sequence and incorporated get*™ mate^ 
10 „ blessed under the contro, of a promoter therefor so . * — 
^viruses. Also contemplated is me Section of mesenchymal stem ce.ls 
coined stromoblasrs to initiate, modulate or augment nema.opo.es,, 

Virtually all genetic lesions of mesenchymal cells or tissue can be tinted or 
,5 .conec^-bymis^chnology. A key component is me ability to deliver these gene- 
carrying stem cells to the proper tissue under the conditions that the sten ^ ^ 
^ a*! repopuUte dte tissue space. Patient preparation for 

by chemotherapy and/or irradiation in conjunction with marrow translation, and 
20 0,) direct tissue inffltiation of "transduo*." cells without preparation, particulariy 
where me transduce* cells might l«ve a survival advantage, an advamage durmg 

a muscle disorder such as muscular dysnophy with the dystrophin or smtlar gene). 
An additional apptication is in the tagging of mesenchymal stem cells prepared for 
25 use in aione or as applied to any indwelling device, such as, for example, an 
orflK.pedicdeviceinwMehi.is of interests -mark" me mesenchymal stem cell s and 
observe their survival, maintenance a™i differentiation and their association w,th the 



device overtime. 



30 



The advantages provided by allogeneic human mesenchymal stem cells 
ttansfected with exogenous genetic material encoding a protein to be expressed 
include (a) the ability to utilize human mesenchymal stem cells obtained from a 
variety of sources other man the individual into which they will be administered, i.e., 
allogeneic to the individual; (b) the ability to deliver these gene-carrymg 
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mesenchymal stem ceUs «o .he proper ^ ta . ^ ^ _ 
™une response, thus nunimiang nea| fa 

a*.™ of fte eels; (c) me ability .0 cultural expand human mesenchymal 
*ern ceils for inmsion where they „il, , 0 cahze ,„ mesenchymal tissue spaces; (d) the 
**y .0 « expand a*, ^ human ^ ^ 

can be used as ho* for stable, heritable gene tracer, (o) to ^ „ ^ 
geneticaHy ahered ceus after Nation „ wvo; (f) ft e abihty * „«, . geneBc 
therapy ,0 a wide variety of disorders, pmpointing ^ ^ 

tissue; and (g) the ability of newlv introduced m,^, ■•>.• u 
cell, »„H * ""reduced genes wttan human mesenchymal stem 

2 and thetr progeny ,„ be expressed in a iess resume fashion man other cel,s 
thereby expanding the potential application in Beating medical ^ 

Tie struouxe artd Bfe cycle of retroviruses mate ^ Really suited , 0 be 
gene-tmnsfer vehicles. Generally regarding retrovira. medial g ene transfer » 

worn a j i ^f^^^ J ^^^^!^mm, IsZ 



It is also possible to use vehicles oth«- a,, «_ • 
on vcmcies omer than retroviruses to eeneticallv 

» ^-^^allogeneics^ceus^eticinformationofm^! 

IIT T ^ ^ ^ - h "-> P^'-vtas . Marty 

«** - be used for in.odu.ng cloned eukatyodc DNAs to culhZ 

protopUs, msion a* el^tmporation. Tne genetic materia, „ be 

30 mesenchlT 6 "' """"" * ^ '° «<*« 

ormones and proteins no, normally produced in human stem cells in bi« y ' 
^cant amounts or produced in small amounts but in stations JTch 

— « mte me bloo^eam or other areas of me body, such as the centra, nervous 
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iic fnnW in this way can serve as a continuous drag 
wstem The human stem cells formed in mis way ...... 

IZy systems «o replace present regimens, — "** 

^ amicability in providing hormones, — and drugs to hum**, » of 
5 distances. It is Pearly valuable in providing such subsfcnces, «* as 

for extended periods of time. 

For example, i. can be used «o provide continuous delivery of insuhn, and, as a 
10 rcsul. n.ere^ou.dbenonecdfbrdai.yini^onsofinsuUn. Genetically engineered 

such as Factor VI.., or fo, continuous deUvery of dystiophin .o muscle ceUs for 

muscular dystrophy. 

„ mcorporation of genetic maeria. of inures, in«o ailogeneic human 

.nesenchyma. stem ceiis ,s particularly valuab.e in the tieatinen, of inhented and 
acouired disease. In ft. case of inherited diseases, tins approach is used to prov.de 
genetic* modified human mesenchymal stenr ceUs and other cells vvh,ch can be 
used as a meabolic sink. That is, such human mesenchyme sKm cells would serve 
» to degrade a potentially toxic substance. For example, this could be used in treating 
disorders of amino acid caabolism including the hyperphenylalartnenuas, due to a 
defect in phenylalanine hydroxylase; the homc^ernemias, due to a defect m 
canine Nynfcase. 0»er disorders tirat could be trea^d in mis wa, include 
disorders of amino acid metobdism, such as cystinosis; disorders of membrane 
25 transport, such as histidinurea or familial hypocholes.ero.emia; and disorders of 
nucleic acid metabolism, such as hereditary orotic aciduria. 

Allogeneic human mesenchymal stem cells of the present invention can also 
be used in the treatment of genetic diseases in which a product (e.g., an enzyme or 
30 hormone) normally produced by the body is no. pn^uceu or is made in insuffic^ 
quantities. Here, human mesenchyme s*m cells uansduced with a gene en^dtng 

quantities. Tnis can be useuin producing alpha- 1 antitrypsin. 1. can also be used « 
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5 n™ ^ " many * *"~ &r WW0h - *• Prided 

me^nchymal stem cdls nansduc* ^ genetic ^ 0 

*»- and often ^ ^ ^ ^ ta 

iTo^r ;:r ° f ^ b,ood °- 

can be G-CSF or GM-CSF, for example. 

15 also be ^TfT ^ — ^ ° f * <~< mention .an 

» P-en, „,« fotmauon of ^ h te ^ hmnan 

-*«*- - whon, ^ fe desjKd - 

ta- *e .nesenchyn*, ^ ^ ^ ^ ^ „ ^™ 
nolvoen J T mesenchymal sten, ceils which continuously seoete a 
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i ow™ cells engineered to produce and secrete 
Human mesenchymal stem ceils engine v 

interieukins (C, U,.. W ^ or !L-4 trough ™) - <- 
contexts. For example, administiation of 1-3 tough human mesenchymal stem 
celis which con,* genetic material- encoding 1L-3 can be used to increase nrf 
eoun, to treat neutriopenia. Allogeneic human mesenchymal stem ceUs can *. to 

tavmg a condition marked by a .ow plaele, conn, production and secretion of me 
encoded product wiU result in stimulation of platelet production. 

Aether use of the present invention is in the treatment of enzyme defect 
disease, In tins case the pmduct (polypeptide) encoded by the gene introduced ntto 
human mesenchymal stem cells is no. secreted (as are hormones); raher, .« . an 
enzyme which remains inside the cel.. The* are numerous cses of genetic dtseases 

annuo acids or other metabolites. The correct genes for these enzymes could be 
introduced into the allogeneic mesenchymal stem cells and transplanted into the 
individual; the transplant would then cany out that mefcbolic taction. For example, 
there is a genetic disease in which those affected lack the enzyme adenosme 
deaminase. This enzyme is involved in the degradation of purines to uric acd. Ins 
, believed possible, using the present invention, to nmduce a subcuaneous graft as 
described above capab.. of producing the missing enzyme at sufficiently high ievels 
to detoxify the blood as it passes through the area to which the graft is apphed. 

Additional uses include but are not limited to cytokine genes to enhance 
,5 hematopoietic reconstitution following marrow transplantation for bone nwrow 
failure for congenital disorders of the marrow; bone cytokines to improve re^ ana- 
healing of injured hone; bone matiix problems to improve repair and heahng of 
injured or degen«ative bone; correction of mesenchymal genetic disorders such as 
osteogenic imperfecta *>d musclar dystiophy; locahzed production of protems 
30 hormones etc. providing cellular m OT peutics for many different compounds; and 
cytotoxic genes such as thymidine kinase which sensitizes cells to ganciclovtr. Gap 
junction adhesion to tumor <*lls could allow mesenchymal stem cells to serve for 
cancer therapy. 
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It is to be understood, however, that the scope of the present invention is not 
to be hrmted to the specific embodiments described above, Tne invention may be 
practiced other than as particularly described and still be within the scope of the 

accompanying claims. 

5 

It should be understood that the methods described herein may be earned 
ou, ,n a number of ways that are we.l known ln me ^ ^ 
mod,fications and variations thereof. „ may also be appreciated that any theories 
set forth as to modes of action or interns between cel. types should no, be 
construed as limiting thi s invention „ ^ ^ ^ ^ ^ ^ ^ 

methods of the invention can be more rally understood. 

Tie following examples further illustrate aspeos of the present invention 
However, they are in no way a limitation of the teachings or disclosure of the 
15 present invention as set forth herein. 

Example 1 

Lack of Alloreactivitv ,„ Mesenchymal Sim, cm. 

Cell surface antigens responsible for eliciting transplant rejecnon m c|ass , 
and class II MHC antigen, T cells are alloreactive to foreign MHC antigens 
Class I and n MHC molecules stimulate the mixed lymphocyte reaction. 

1 x 10 s T cells from individual A (T A ) were cultured in flat bottom 
mtcrotiter wells with mitomycin c treated allogeneic PBMCs (to prevent 
prohferation of PBMCs to T ceUs) from individual B (mPBMCa) for 7 days The 
mPBMC B s were seeded a. 20K and 100K. The cuhures were pursed wnh 
*ymidine for the las, , 8 hou. of me culture period to measure T cel. proHferation. 
TTe result shown in Figure 1 indicate mat ttte T A cells recognized the PBMC B as 
bemg foreign. (See bars under "T A + mPBMCB". ) Wnh more PBMC B s presen, 
the more the T cells proliferated. 



20 



xlO human mesenchymal stem cells (hMSCs) from the same donor as 
the PBMCs were co-incubated with IxlO 5 T cells from individual A (T A ) The 
cells were cultured in flat-bottom microtiter wells for a total of 7 days. Cultures 
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— T r r lt:„ — - — 

human mesenchymal stem cells weic > 

j .u icw v (vi units/mil to stimulate surface 
given above (confluent) and treated mm IFN-t (50 units/m., 

M„c expression on mesenchymal «em ceU, Human mesenchymal « 

lan mesenchymal stem cells transduced with human BM or human B -2 

ILlation molecules ruffercy, K.,, Pro.se, S.,, and C, Stmeonovtc. ^ 

He,. Immunol. 1 :143-73 (1983)) were incubated with the T cells. 

The results shown in Fig. . (See Fi^re 1 -T* + «— KMSCO 

human mesenchymal stem ceUs transduced or untransduced, ,e„ me were 
.eccgmzed as being foreign. Thus, mere was no mixed lymphocy» reacho. 

The results also show mat the lack of response to the mesenchymal stem 
cells was no, due to genetic compatibility between the individuals since the T cell 

stem cell donor as being foreign. 
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Example 2 



"mini^nr. nf H"~* * ymphocvte Reaction 

To determine whether mesenchymal stem cells actively suppressed the 
allogeneic response, mixed lymphocyte reactions (MLR) were set up m -a 
JL Plates, with or without adherent mesenchymal stem cells obtained ^m 2 
25 diffe Jdonors: one donor matched the target or stimulator cell in the MLR and 
the other donor was unrelated. 

,0= PBMCs from individual A (PBMCa) were mrxed wtth 10 target 
individual B'sPBMC's(PBMC B ). The PBMC B s were irn^aud (stihtulator cells) 
with 3000 rads X irradiation to prevent their probation due to acnvauon by 
30 PBMC, rh»s,o».yPBMC.pro,ifera,ed(responderce„s, ^~d 
PBMCbS were mixed, a mixed lymphocyte reaction occurred wherein the PBMC. 
cens were acttvaKd by the surface anngens on the PBMCa, The cultures w« 
incubated over an interval of 7 days and were puis* win, 'H-thynudme dunng the 
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<^ '8 hours. to the ^ of to PBMCbS _ ^ pBMCAS 

counts of 40,000. See F ig ure 2, ,st bar , ("NONE" refers t0 no mesenchymaLem 

cells present). 

* However, when PBMC AS and PBMCaS were mixed in Ore presence of 

mesenchvrnal stem ee„s, the mixed iymphocyte reaction was suppled. !0* 
PBMC AS we* .mixed with 10 > PBMCas in micros plate weUs Mattd ^ , 

ZTL T ^ ™« — -« -0. were 

.0 IT " „ " m am ° UntS ^ ^ to 22 ' 50 ° — *»- ^ 
cells p„ wel,. Two mesenchymal s«em ce« populations were rested- human 

, *™ C <"* md humm — *>«l stem cells were obtained from an 

were incubated over an interval nf 7 j , 
1 c , . _ anxntervalof ? days and were pulsed with 3 H-thvmidine 

15 during the final 18 hours. In the presence «f th. h »ymidine 

-.was sussed. S^LT^Z^ZZ 

^.r* 

Mill 7r : ,ymPh0Cyte ^ 2 — --er. 

ST r r ^ d °"° r ~" eq»auy we., 

^chmo.cated te mere was no specif of suppression ^ ^ 

25 r ^ d ~' e - "* suppressed 

tt.em.xed.ymphocvtereacUonwhenmec.HswerecmmredU.gemer 



Example 3 
Allogenic Canine Subcutaneous g*,,^, 



The purpose of this study was to determine whether implantation of 
Z SemC MSC - l0aded HA/TCP Sampl6S SUb <— * -Ited in an ^e 
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Two canines were used for this ailo-subcutaneous " 
eanine received 6 autogenic MSC-implants in one .high and 3 al>og«ne,c from 

5 implants and all the allo-samples were loaded in serum-free phenol-free DMEM 
Z^ueose. The other tirree au«,geneic samples we. .oaded ,n serum-fre 
O^M-high S-ucose. On* cryo-preserved MSCs were used in the study and the 
■armies were loaded 24 hours prior to implantation. 

Two samples of each type were assrgned for histological processing and 
„ one for RKA ex.ac.ion. addition, limited amount of Hood and lymph nodes 
I collected for detection of tmmune response. The end pom. were 
weeks and 6 weeks. The 2 we*k canine had bilateral tendon surgery, whereas the 6 
IlcaninehadunUateralundonsurge^onthe.imhmatreceivedtheautogene.c 

subcutaneous implant The canines in the study were not littermates. 

15 " cross orations of me implant bed at sacrince and also genera, health 
observe did no, indicate any major immune reaction to the aUo-implants at 
either the 2 week or 6 week end point. The poplitea! lymph nodes were ertar * m 
horn limbs a, bod, time poin B . The inguinal lymph nodes codd no. be tdenuned. 

20 Prehminary MLR da* using PBMCs from one combination of me donor-host pau 
U a positive reaction with a count of 15K in me proliferation assay 

indicating that this pair is mismatched. 

The two week histological section from the auto and allo-samples were 
issuable torn each other. There was loose connective present m al 
25 samples and no bone formation was seen in any of the samples (as expected a, 2 
weeks), Histo.ogical data was obtain* from one sample out of two of each p-p 
a ,ute6week«mepoi„t The 6 week autologous sample processed in the DMEM- 
UG had a substantia, amount of bone in the sample (Figure 3). 
from each of the two aUo-donors was also positive for bone (Figures 4 * 5) and the 
30 pauemoftissueformauonwassimilartomatofmeau^sample. Theamountof 
bone formation in allo-samples was lower than in a«to-samp.e. However, grven 
the variability in the amount of bone formation associated with mis assay, no 
elusion can be drawn on the basis on me limited samp,e size. No tmmune 
response could be observed in any of the allo-samples under H&E slant. 
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The bone formation data in these prelirnmary studies clearly shows that 
c^ne MSCs reain thei, o s ,eo g eoic potential in m ^ setting ^ do 
elicit a major immune response. 

Example 4 

The purpose of the study was «o demonshate the feasibility a™, safety in 

X * ^ 3 n0deratt ' y »* *" rf *~ *« '^yte aJL 
<DLA,-,de„,,ca, l.ttermate canine mesenchyma, stem cel. (eMSC, a, ,0 * lf f 

„ an anoxic marrow graft sertng. A secondary objecuve was to 
— the .stridor, and funcnon of d „ nor ne0 . ^ 
and 1 00 days post-transplant. 



MATERIALS AND METHODS 

Experimental animals 

" Beagles were used forthe study. Two male and two fema.e DLA-identica. 

'■"ermates were used in the study, aged 7 or 9 months on day 0 The J^Z 
typing used involves the use of hiehlv „„i ... 

f„n u • ^ y pol > moi Pk"c microsateUite markers to 

follow inheritance of the Class II npn • 

(DLA) the „ 8,0,1 '" °° 8 Leuk0< ^ Antigen 

ff>LA), canme eoutvalen, of me major Usfccompatability cc^ex 

0 ^satellites are small di- tri- or _ nucleotide repeat,, «Lh shL ^ 
>■*■ vanauon ,n aue,es tha, they may be used to ,„„„„ the inheritance" 

Segrega.onoTre: 
™ using a single-step polymerase chain teacnon with pHmel 

^^^^ ^ m se t|tences of DNA that surround each repeat. In addition^ 

'or study ,„ provide conftrmation of the PCK rnicrosatemte marker aLy 

Study Design 

same ^TjlT* ^ *~ —» *» - 

-* DLA-denttca, fc— n— donor. The marrow grcft was harvested from each 

* *. .o DLA-identica, Uttermates on day 0 prior to tota, body 

£r£T - taduced * — • - - - * o - 

d 7 <cGy) <midline 311 e ^ *» - »pp- m g 

Co sources dehvered at a rate of , cG y (9 . 3R)/nlil , Culrure-e^anded^MSc 
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isolated from a donor marrow aspirate at 4 or more weeks prior to transplantation, 
were transduced with Papp@OT-24, containing the genes for green fluorescence 
protein (GFP) and neomycin phosphotransferase (neo). The cMSC were 
cryopreserved after passage 1 (PI) or passage 2 (P2). Following TBI, the cMSC 
5 were thawed and delivered intravenously via a portable infusion pump over a 15- 
minute time period. Within one to two hours after cMSC infusion the bone marrow 
graft was infused intravenously at a dose of > 1 x 10 8 total nucleated cell 
(TNC)/kg. 

Cyclosporin was administered to all four dogs for graft- versus-host-disease 

10 (GVHD) prophylaxis intravenously on days 0 through 5 at a dose of 10 mg/kg BID 
(20 mg/kg/day) (Sandimmune® Injection Solution, Novartis Pharmaceuticals 
Corporation). On days 6 through 50 (end of study) for group LI. a, or 6 through 
100 for group I.l.b, cyclosporin was administered at 10 mg/kg BID PO, (20 
mg/kg/day) (Neoral® Soft Gelatin Capsules, Novartis Pharmaceuticals 

15 Corporation). The usual supportive care with oral antibiotics for the recipient 
began on day -5 and systemic antibiotics started on day 0 and continued until 
engraftment was achieved. Fluid support was given as necessary. No platelet 
transfusions were required for any of the four dogs during recovery. Standard 
canine procedures require that a whole blood transfusion be administered if the 

20 platelet count consistently drops below 10,000/mm 3 , or if the treatment staff 
observes signs of bleeding. Platelet transfusions, if necessary, were to be 
administered as 50-ml of whole irradiated (2000 cGy) blood from a random donor. 
Engraftment was established as the time of the first of three consecutive 
measurements of >500 absolute neutrophil cells mm 3 , > 1,000 /mm 3 , and platelets 

25 >10,000 /mm 3 , 50,000 /mm 3 , and >100,000. 

To follow hematopoietic recovery, complete blood counts (CBCs) were 
obtained from day 0 through day 50, and biweekly thereafter for the 100-day study 
group. Serum chemistry analysis was performed on days 0, 2, and weekly 
thereafter. Peripheral blood samples were taken on day 0 pre-MSC infusion, 5- 

30 and 15-minutes, 1- and 2-hours, and 1-, 2-, 3-, and 4-day time points for DNA 
isolation. The DNA was evaluated for the presence of GFP marked cells by an 
Anti-EGFP DNA PCR Elisa with digoxigenin incorporated into the product and a 
second step anti-digoxigenin colorimetric assay. A marrow aspirate was obtained 
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when the platelet counts consistently reached 50,000/mm 3 and examined for the 
presence of GFP marked cells using the same PCR method. CMSC cultures were 
established to examine colony forming units (CFU), and to expand the cMSC for 
further Anti-EGFP PCR analysis. Upon necropsy, peripheral blood, bone marrow 
5 aspirates, and bone marrow biopsies were obtained for Anti-EGFP PCR analysis. 
CFU assays were performed on the bone marrow aspirates, and the Anti-EGFP 
PCR analysis was performed on culture-expanded cMSC. An histological analysis 
was performed for the presence of GFP in various tissues. 

10 cMSC isolation, culture-expansion, transduction and cryopreservation 

Bilateral bone marrow aspirates were obtained for cMSC isolation and 
culture establishment on week -4 for dogs CAN-07-01 and CAN-07-02 and on 
week -9 for dogs CAN-07-03 and CAN-07-04. Fifteen ml of marrow (7 ml from 
each humerus) were obtained from each dog. Dogs were anesthetized by the 
15 injection of Butorphanol followed by injection of a mixture of Diazepam and 
ketamine hydrochloride (Aveco Co., Inc., Fort Dodge, IA). The sites of needle 
insertion were scrubbed with povidone-iodine and then rinsed with alcohol. 
Aspirates were obtained from each humeral condyle of each dog using a 16-gauge, 
2-inch bone marrow needle. A syringe was attached to the needle, and suction was 
applied to remove 8 ml of marrow from each humerus. Bone marrow aspirates 
were transferred to 15 ml polypropylene conical tubes using sterile technique. 
Following the procedure, the dog was then placed on a warming pad to recover. 

Five to 10 ml aliquots of bone marrow were diluted to 50 ml in Dulbecco's 
Phosphate Buffered Saline (DPBS) in a polypropylene culture tube. The cell 

25 suspensions underwent centrifugation at 2200 RPM for 10 minutes at room 
temperature (RT). Total nucleated cell counts were determined in 4% acetic acid. 
Cells were then diluted in DPBS for a final concentration of 20 x 10 6 cells/ml. Ten 
ml or 200 x 10 6 cells were loaded onto 20 ml of Percoll (sp.gr. 1.073 gm/ml) in a 
50 ml conical tube and underwent centrifugation at 1300 RPM for 20 minutes. The 

30 cell interface containing mononuclear cells was washed in DPBS, resuspended in 
complete media, and counted to obtain a recovery percentage. The cells were then 
diluted in complete media, cultures were established as described below, and 
placed in a 37°C incubator at 5% CQ 2 . 
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Construction ofbicistronic MuLV retroviral vector 

The green fluorescent protein (EGFP) retrovirus was constructed by 
isolating EGFP- 1 gene from the jellyfish Aequorea victoria (Clontech, CA). EGFP 
gene was cloned into retroviral vector P JM573-neo (resulting plasmid was named 
pOT-24). The plasmid P JM573-neo was derived from P N2 {Keller et. Al, 1985, 
Nature 318149) with the following modifications: murine retroviral gag initiation 
site was substituted with an in-frame stop codon; 5'LTR and 3'LTR were 
constructed into the same cassette; neomycin phosphotransferase gene (neo) and an 
internal ribosomal entry site (IRES) were inserted into P N2. A schematic map of 
EGFP pOT24 plasmid is shown in Figure 6. 



Preparation of Recombinant Retrovirus 

pOT-24 was transfected into GP&E86 ecotropic producer cells using 
15 DOTAP (Boehringer Manheim) as suggested by manufacturer. The transfected 
cells were grown in DMEM-high glucose (HG) medium supplemented with 10% 
heat inactivated FBS, Penicillin-Streptomycin (Life Technologies) and 0.5mg/ml of 
protamine sulfate-G418 (Sigma) as a selective marker. Cultures were maintained 
up to 70% confluency at which point medium was replaced with fresh retroviral 
20 media (without G418) and cells were maintained at 32°C for 2 days. The culture 
medium containing the retrovirus was collected, filtered through 0.45 n filter and 
stored at -70°C. Arnphotropic retrovirus was prepared by transducing PA317 cells 
twice with ecotropic virus using a centrifugal transduction procedure followed by 
selection with G418 (0.5 mg/ml). Retroviral supernatant was collected. The titer of 
25 the pooled EGFP retrovirus on 3T3 cells was 1.2xl0 6 CFU/ml. GFP-retroviral 
supematants were cryopreserved at -70°C. 



CAN-07-01 andCAN-07-02 

The washed mononuclear cells obtained at the Percoll interface 
established in 10, T-185 flasks containing 30 ml of complete media and 10 
cells/flask. 
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On days 2, 6, and 9 of culture, the media in the flasks was replaced entirely 
with fresh complete media. On day 12 of the primary culture photographs were 
taken, and the cells were taken from passage 0 (PO) to passage 1 (PI). The media 
was aspirated and the flasks were washed twice with 8 ml DPBS. Eight ml of 
trypsin was added, and flasks were placed in a 37°C incubator for 3 minutes. When 
the cells had lifted, the reaction was stopped by the addition of 8 ml of complete 
media. The cells were transferred and pooled into 50 ml conical tubes. The flasks 
were washed with DPBS and the pooled cells were centrifuged at RT at 2000 RPM 
for 5 minutes. The supernatant was removed and the cell pellets were resuspended 
in complete media. The cells were pooled, counted and examined for viability 
Cells were plated into 15, T80 flasks containing 18 ml of complete medium and 0 4 
x 10" cells per flask. 

On day 15 in culture, the first transduction was performed on 15 of the 18 
flasks. The media was removed. Aliqaots of the retroviral supernatant were 
■5 thawed and polybrene was added to a final concentration of 8 eg/ml to make the 
transduction cocktail. The cell medium was replaced with 10 ml of the 
transduction cocktail, and the flasks were centrifuged at 3000 RPM for 1 hour at 
32»C. After centrifugation, 10 ml of complete media prepared using heat 
■nactivated fetal bovine serum (FBS) was added ,„ each flask (with the 
transduction coctoil) and the flasks were rehtmed to the incubator. Tnree flasks 
were no, transduced, and fresh media was replaced. On day 16 of culture the 
med,a was rep!aced with fresh complete media. On day ,7 of culture' the 
transduction procedure was repeated. 

On day 1 8 of culture, the cells were harvested as described above and taken 
fiomP.,„P 2 . T^xlo'ce.iswereaddedtolOOmlofcompIe^medium.atul 
poured into triple-flasks (500 cm 2 ). Fifteen triple-flasks were prepared with 
transduced celis and three were prepared with untransduced cells. Any remaining 
cells were cryopreserved. A freeze solution was prepared containing 10% DMSO 
and 90% FBS. Ten x 10' cells were resuspended in 1 m. of freezing solution The 
30 viab were labeled and cryopreserved in a Nalgene Cryo contataer for a ntimmum 
of 4 hours at -70°C, and stored at -70°C. 
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On day 22 of P2 culture, photographs were taken to record the cell 
distribution and morphology and the P2 cells were harvested and cryopreserved as 
described below. 

5 C AN-07-03 and CAN-07-04 

The washed mononuclear cells obtained at the Percoll interface were 
established in 15, T-75 flasks containing 20 ml of complete media and 12 x 10 6 
cells/flask. 

On day 2 of culture, the media in the flasks and in the dishes was replaced 
10 entirely with fresh complete media. On day 6 of primary culture for cMSC, the first 
transduction was performed as described above. Three flasks were not transduced, 
and fresh media was replaced on day 6. On day 7 of culture, the media was 
replaced with fresh media. 

On day 8 of culture the transduction procedure was repeated. On day 9 in 
15 culture, photographs were taken, and the cells were passaged from P0 to PI as 
described above. Three x 10 6 cells were added to 100 ml of complete medium, and 
poured into triple flasks. Fifteen triple flasks were prepared with transduced cells 
and three were prepared with untransduced cells. 

The 15 ml bone marrow aspirates yielded 910, 1212, 856, and 1948 x 10 6 
20 nucleated cells for donors CAN-07-01, CAN-07-02, CAN-07-03, and CAN-07-04, 
respectively. Mononuclear cell counts obtained from the Percoll interface were 
612, 666, 588, and 462 x 10 6 , resulting in recoveries of 67.2, 55, 68.7, and 23.7%. 
Upon PI, the cell viability was a mean of 97.1 (range 93.3 to 100)%. Upon P2 for 
donors CAN-07-01 and CAN-07-02, and PI cells for donors CAN-07-03 and 
25 CAN-07-04, the cell viability of the transduced cells was a mean of 96.7 (range 

96.3 to 97.9)%. The untransduced cells were 95.4 (range 93.3 to 96.9)% viable. 
Upon harvest for cryopreservation of the cMSC, the viability of the transduced 
cells was a mean of 99.4 (range 97.4 to 100)% and the untransduced cells were 

99.4 (range 97.6 to 100)% viable (Table 4). 

30 The transduced cMSC yield per flask for donors CAN-07-01 and CAN-07- 

02, harvested 4 days after passage 2 and plated at 3 x 10 6 per flask was 5.9 and 6.7 
x 10 6 , and the untransduced cMSC yield per flask was 8.4 and 7.5 x 10 6 . The 
transduced cMSC yield per flask for donors CAN-07-03 and CAN-07-04, 
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harvested 4 days after passage 1 (different transduction and passage design) and 
plated at 3 x 10 6 per flask was 20.0 and 14.0 x 10 6 , and the untransduced cMSC 
yield per flask was 25.3 and 18.0 x 10 6 . 
CFU Assays on cMSC from PO Cultures 

CFU colony assays were prepared at the time of primary culture 
establishment by plating 0.5 x 10 6 cells in triplicate in 100 mm dishes containing 
10 ml complete media. The dishes were incubated at 37°C and 5% C0 2 . The 
media was replaced with fresh media each 2 to 4 days. On day 10 in culture, the 
CFU assay dishes were rinsed with HBSS twice, fixed with 1% gluteraldehyde for 
15 minutes, rinsed with HBSS twice, and air dried. The cMSC in the dishes were 
then stained with 0.1% crystal violet, rinsed with deionized water three times, and 
air dried. Colonies were counted to calculate the number of colonies forming per 
10 6 cells plated. 

CFU assays plated on day of mononuclear cell isolation and culture 
establishment and harvested on day 10 yielded 56, 46.7, 1 14, and 72 colonies per 
10 6 cells for dogs CAN-07-01, CAN-07-02, CAN-07-03, and CAN-07-04, 
respectively. 

On day 13 of PI culture, photographs were taken to record the cell 
distribution and morphology and the PI cells were harvested by trypsimzation and 
20 cryopreserved as described below. 

The media in the triple flasks was decanted, and the flasks were rinsed with 
50 ml DPBS. After decanting the DPBS, 23 ml of 0.25% trypsin was added to 
each triple flask. The flasks were placed in a 37°C incubator for 3 minutes. After 
cell detachment, 23 ml complete medium was added to each flask. The cell 
suspensions were transferred to 50 ml conical tubes and the flasks were washed 
with 30 ml HBSS. The tubes were centrifuged at 2200 RPM for 5 minutes at RT. 
The pellets containing the transduced or untransduced cells, respectively, were 
pooled and counted. One aliquot of 1 x 10 7 cells was set aside for determination of 
the transduction percentage by an Anti-EGFP DNA PCR Elisa assay. 

After harvest, the recovered PI or P2 transduced and culture-expanded 
cMSCs centrifuged at 1300 RPM for 5 minutes and resuspended in 1 ml aliquots 
with 1 x 10 7 cMSC/ml in ice-cold cryoprotectant solution containing 85% Plasma- 
Lyte A (Baxter IV Therapy), 10% DMSO, and 5% autologous canine serum. Cell 
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aliquots were dispensed into separate cryo-vials containing 1 ml each. Hie tubes 
were labeled with the canine donor number and total viable cell count. The cMSCs 
were cryopreserved by placing the cell vials into a Nalgene freezing contamer and 
placed in a -70°C freezer for 4 hours, then moved to storage at -70°C. 

5 Upon cell harvest for ^preservation of the product, aliquots of 1 x 10 7 

cells were obtained for determination of the transduction efficiency. The 
transduction efficiency was analyzed by an Ami EGFP DNA PGR Elisa with 
digoxigenin incorporation into the product and a second step Anti-digox.genm 

1 0 colorimetric assay. 
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CMSC Infusion Product 

One to two hours before infusion, the vials of cMSC were thawed by 
swirling in a 37° water bath, sprayed with 70% ethanol, and opened in a biosafety 
cabinet. The cMSC product was suspended in 50 ml of infusion medium containing 
DMEM-LG plus 30% serum autologous to the cell donor. The viability of the 
cMSC product was determined by exclusion of trypan blue to determine the actual 
viable dose. An aliquot of each cMSC product was submitted for yeast isolate, 
aerobic, and non-aerobic growth. The cMSCs were evaluated for the ability to 
20 attach to tissue culture plastic and to proliferate in P2 (P3 for CAN-07-01 and 
CAN-07-02) culture. Aliquots of 1 x 10 6 and 0.16 x 10 6 cMSC were plated into 
complete canine culture medium in triplicate in T-25 plastic culture flasks. After 
24 hours, the flasks plated with 1 x 10 6 cMSC and on day three, the flasks plated 
with 0.16 x 10 6 cMSC were harvested by trypsinization and counted. 

Following TBI, the cMSC suspension was infused via a catheter inserted 
into the cephalic vein using a hand-held Harvard Bard Mini Infuser to deliver the 
50 ml over a 1 5-20 minute period. 

Moderately high doses of 7.49, 7.35, 10.0, and 10.0 (mean 8.7) x 10 viable 
cMSC/kg were infused on day 0 to dogs CAN-07-01, CAN-07-02, CAN-07-03, 
30 and CAN-07-04, respectively. These doses represent a 4- to 10-fold increase over 
the typical dose that a patient would receive. Total viable cMSC infused ranged 
from 67.7 to 129 (mean 93.9) x 10 6 cMSC. The viability of the cells ranged from 
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92.1 to 97.6 (mean 94.9) as determined by trypan blue exclusion. CMSC Infusions 
were given between 71 and 146 (mean 1 10) minutes post-TBI. 

Blood Sampling Post-Injusion 

5 Blood samples (2 ml) were obtained before (pre) and during the cMSC 

infusion at five and fifteen minutes after the start of the infusion, as well as 1- and 
2-hour, and 1-, 2-, 3-, and 4-day time points. Cell lysates were prepared using the 
Puregene™ (Gentra Svstems> ^ DNA ^ for ^ ^ ^ ^ ^ 

DNA PGR Elisa with digoxigenin incorporated into the product and a second step 
10 Ant,-digoxigenin colorimetric assay to detect of the level of GFP marked cMSC in 
the bloodstream. 
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Bone marrow harvest and graft infusion 

Bone marrow to be used as the transplant graft was harvested from the 
DLA-zdentical littermate prior to TBI. Aspirates were obtained from each humerus 
using an 1 1-gauge, 4-6 inch ball-top stainless steel marrow harvest needle, attached 
to polyvmyl tubing originating from a vacuum flask containing 100 ml Tissue 
Culture Medium 199 and 4 ml (4000 U) heparin. The marrow is passed through 
300- and 200-um pore size, and stored at 4°C in a transfer pack container, labeled 
with the donor and recipient, until infusion later that day. The bone marrow total 
nucleated cell count (BM-TNC) of the marrow is corrected to exclude any 
nucleated cells which would be present in the volume of peripheral blood obtained 
dxuing the marrow harvest. 

The total nucleated cell count (TNC) of the bone marrow was corrected to 
exclude any TNC which would be present in the volume of peripheral blood 
obtamed during the marrow harvest. Corrected doses of marrow were 4 3 3 5 3 1 
and 2.0 (mean 3.2) x 10* TNC/kg to dogs CAN-07-01, CAN-07-02, CAN-07-0 3 ' 
and CAN-07-04, respectively. Uncorrected bone marrow doses were 5.6, 4.2, 4. 5 ' 
and 2.7 (mean 4.3) x 10 8 TNC/kg. 

Twenty minutes prior to infusion, the marrow was placed at room 
temperature. One hour after the cMSC infusion, the marrow was infused 
intravenously through a butterfly needle inserted into the cephalic vein, by exerting 
pressure on the bag over 1 to 2 minutes. 
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Supportive care 

On day -5, oral antibiotics (neomycin sulfate and polymyxin sulfate) were 
given three times daily. These oral antibiotics were administered until absolute 
neutrophil counts reached 500/mm 3 . On day 0, the systemic antibiotic Baytril was 
administered intravenously twice daily and continued until absolute neutrophil 
counts reached 1,000/mm 3 consistently. Fluid and electrolytes lost as results of 
transient radiation toxicity were replaced by subcutaneous administration of 500 ml 
of Ringers Solution, twice daily until food and water were accepted. 



Differential blood cell counts 

Blood samples (2 ml) were collected from either the jugular or cephalic 
vein on the mornings of the marrow aspirate for isolation of cMSC, days 0 through 
50 and biweekly thereafter through the end of study. The blood was transferred into 
15 a vacutainer containing EDTA. Total white blood cell (WBC) and platelet counts 
per mm 3 are measured using a Sysmex E2500 and differential cell counts were 
determined manually after fixation and staining with Wrights stain. 



Necropsy 

20 Blood samples were obtained for CBC, Chemistry 23 analysis, and PCR 

evaluation. The dogs were sedated with Butorphanol followed by a mixture of 
Diazepam and ketamine hydrochloride. After sedation, biopsies and bilateral bone 
marrow aspirates were obtained from the humerii, femora, and iliac crests. 
Euthanasia was then completed with an overdose of the sedative sodium 
25 pentobarbital. The day-50 group of dogs (CAN-07-01 and CAN-07-02) were 
euthanised on day 43 in the study; the day-100 group of dogs (CAN-07-03 and 
CAN-07-04) were euthanised on day 100 in the study. Complete sets of the tissues 
were collected upon necropsy of the animals. 

The collection of tissues for histological examination followed 
30 immediately. A subset of tissues was used for Anti-EGFP DNA PCR Elisa 
analysis. Bone marrow aspirates and biopsies were used for Anti-EGFP DNA PCR 
Elisa analysis, culture expansion for further PCR analysis, and CFU assays 

The tissues were trimmed to about 1 inch square pieces and placed into 
separate labeled 50 ml conical tubes filled with 10% Neutral Buffered Formalin 
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(pH 6.8 - 7.2). The tissues were embedded in paraffin, sectioned and stained with 
Hematoxylin and Eosin. Bone marrow samples were stained with Periodic Acid 
SchifFs stain. 

Bone marrow aspirates obtained prior to necropsy were collected in 15 ml 
labeled tubes from the left and right humerii, femora, and iliac crests from each 
dog. A subset of the tissue samples were obtained during necropsy and trimmed to 
about 1/4 inch square pieces, wrapped in PBS-soaked gauze and placed separately 
in a labeled zip-lock bag. The bone marrow aspirates were held on ice. 

Preparation of bone marrow aspirates for CFU assay 

Ahquots of the bone marrow aspirates from the left and right humerus, 
femur, and iliac crest from each canine obtained for PCR analysis were aliquoted 
into separate 15 ml labeled tubes. The bone marrow samples were held on ice. 

CFU assay on cMSCfrom bone marrow obtained at necropsy 

CFU colony assays performed on cMSC obtained from bone marrow 
obtained at necropsy were prepared by plating 0.5 x 10 6 cells in triplicate in 100- 
mm dishes containing 10 ml complete media. The dishes were incubated at 37°C 
and 5% C0 2 . The media was replaced with fresh media each 2-4 days. On day 10 
in culture, the CFU assay dishes were rinsed with HBSS twice, fixed with 1% 
gluteraldehyde for 15 minutes, rinsed with HBSS twice, and air dried. The cMSC 
in the dishes were then stained with 0.1% crystal violet, rinsed with deionized 
water three times, and air dried. Colonies were counted to calculate the number of 
colonies per 10 6 cells plated. 

Isolation and purification ofDNA 

DNA was isolated from a part of each tissue. The remaining piece of the 
sample was cryopreserved and stored in -70°C freezer. DNA was isolated by 
placing samples in Phosphate Buffered Saline (PBS), adding proteinase K solution 
and incubating at 55°C for 3 hrs, or until the tissue dissolved. The samples were 
subsequently treated with RNase at 37°C for 60 min. The samples were cooled to 
room temperature and the protein was precipitated. The samples were centrifuged 
and the aqueous phase was gently collected in 100% isopropanol. The samples 
were mixed and centrifuged and the pellet was washed in 70% ethanol. The tubes 
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were centrifiiged and the supernatant was drained off and the pellets were allowed 
to dry for approximately 1 to 6 hrs. The DNA was allowed to hydrate overnight at 
room temperature and was subsequently stored at 4°C. 

Peripheral blood and bone marrow samples were first lysed with RBC lysis 
5 solution (Ammonium Chloride Buffer). DNA was then isolated from the lysates as 
described above. DNA was quantified by the addition of 998 ^il deionized H2O and 
2 fil DNA from the sample into a cuvette and vortexed. A spectrophotometer was 
used to determine the optical density (OD). The OD was read at 260 and 280, and 
the concentration of DNA was calculated for jig/ml. The DNA concentration was 
10 adjusted to 1 |ag/ml using deionized water. 

Anti-EGFPDNA PCR Elisa 

The anti-EGFP DNA PCR Elisa assay used in these studies detects infused 
cMSCs utilizing oligonucleotide primers specific for GFP. For analysis of gene 

15 expression, we utilized PCR-ELISA (DIG labeling/detection) kit (Boehringer 
Mannheim). Briefly, PCR was performed in the presence of digoxigenin-labeled 
nucleotides to label the amplified product. Next, 25 \i\ of the PCR product was 
denatured and allowed to hybridize in solution to 5-biotinylated oligonucleotide 
probe at 37°C in streptavidin-coated microtiter plate. The bound probe-PCR 

20 product was detected by an anti-digoxigenin peroxidase conjugate and by use of 
the colorimetric substrate 2,2'Azinobis (3-ethylbenzthiazoline-sulfonic Acid) 
(ABTS). Titration standard curves were generated using transfected control cMSC 
to approximate concentration of DNA per quantity of DNA used in the assay. By 
first correlating with an internal standard for PCR of the DLA Class II genomic 

25 DNA, and then correlating DNA concentration to cell equivalents, and assuming 
one retrovirus integration event per transduced cell, an estimation of cell number 
can be obtained. 

Quantitative measurements of DNA for GFP were noted in all bone marrow 

scoops/biopsies. 

30 

Post-transplant blood cell recovery 

The mean day to a threshold (to 3 consecutive values) of platelets to 
10,000/mm 3 was 12.8 (range 11-17), to 50,000/mm 3 was 19.8 (range 16-25), and to 
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100,000/mm 3 23.0 (range 20-27). The mean day to a threshold value (to 3 
consecutive days) of absolute neutrophil cells to 500/mm 3 was 9.3 (range 8-1 lj, 
and to 1,000/mm 3 was 10.5 (range 9-13). 

Interim bone marrow aspirates ' ■ 

When platelets recovered consistently to values greater than 50,000 per 
mm 3 , an interim bone marrow aspirate was collected from the iliac crest. This 
procedure was performed on day 27 in study for CAN-07-01 and CAN-07-02, and 
on day 29 for CAN-07-03 and CAN-07-04. 

RESULTS 

Upon histopathological evaluation of all tissues from CAN-07-01 and 
CAN-07-02, euthanised on day 43, findings were negative for ectopic connective 
tissue and for subacute GVHD. 

Detectable DNA signal could be found within 1 hour of infusion and again 
at 2 days. One sample could be quantitatively measured at 3 days post infusion for 
GFP DNA. This timepoint is consistent with the previous observations in the 
autologous canine transplant study in which signal was found at 2 and 3 days 

Day 100 necropsy data in CAN-07-03 and CAN-07-04 for GFP+ cells 
showed GFP signal (1 GFP+ cell equivalent per 10 micrograms PCR input DNA) 
in the femur and humerus of CAN-07-03 and in the humerus of CAN-07-04. 

These results demonstrate that allogeneic MSCs can support the rapid 
engraftment of bone marrow hematopoietic cells. No transfusion support was 
needed. There was no clinical evidence of GvHD. Platelet recovery was faster 
than in historical controls. There was evidence of chimerism in stromal cells after 
allogeneic transplantation. The option to engraft allogeneic tissue by using 
allogeneic MSCs broadens the range of transplant material usable in clinical 
transplant scenarios. 
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What Is Claimed Is: 

1. A method for treating an animal comprising administering non- 

autologous mesenchymal stem cells to an animal in need thereof. 

5 2. The method of claim 1 wherein allogeneic human mesenchymal stem 

cells are administered to a patient. 

3. The method of claim 2 wherein the allogeneic human mesenchymal stem 
cells are obtained from an individual not matched to the patient. 

10 

4. The method of claim 2 wherein the allogeneic human mesenchymal stem 
cells are recovered from human bone marrow and are administered to the patient in 
a cell preparation which is substantially free of blood cells. 

15 5. The method of claim 4 wherein the cell preparation is administered in 

conjunction with a carrier. 

6. The method of claim 2 wherein the allogeneic mesenchymal stem cells 
are administered to generate bone formation. 

20 

7. The method of claim 2 wherein the allogeneic human mesenchymal stem 
cells are administered to treat or repair a connective tissue defect in the patient. 



25 



8. The method of claim 7 wherein the defect is a bone defect. 

9. The method of claim 7 wherein the defect is a cartilage defect. 

1 0. The method of claim 7 wherein the tissue is skeletal tissue. 

30 1 1 . The method of claim 7 wherein the connective tissue is stroma. 

12. The method of claim 2 wherein the allogeneic human mesenchymal 
cells are administered to enhance hematopoietic stem or progenitor cell 



stem 



engraftment in an individual in need thereof. 
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13. The method of claim 12 wherein the mesenchymal stem cells are 
administered systemically. 



14. The method of claim 12 wherein the preparation is acbninistered 
5 intravenously. 

15. The method of claim 2 wherein the allogeneic human mesenchymal 
stem cells are capable of expressing incorporated genetic material of interest. 

10 16. Use of non-autologous mesenchymal stem cells for the preparation of a 

composition for treating an animal in need thereof. 



17. Use according to claim 16 wherein the mesenchymal stem cells are 
allogeneic human mesenchymal stem cells for treating a patient. 

15 



18. Use according to claim 17 wherein the allogeneic human mesenchymal 
stem cells are obtained from an individual not matched to the patient. 

19. Use according to claim 17 wherein the cell preparation is administered in 
20 conjunction with a carrier. 



20. Use according to claim 17 wherein the composition is for generating bone 
formation. 



25 21. Use according to claim 17 wherein the composition is for treating or 

repairing a connective tissue defect in the patient. 

22. Use according to claim 17 wherein the composition is for enhancing 
hematopoietic stem or progenitor cell engranment in an individual in need thereof. 

30 

23. Use according to claim 17 wherein the allogeneic human mesenchymal 
stem cells are capable of expressing incorporated genetic material of interest. 
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FIG. 2 
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